Comments by de Jong et al., Solter et al., and Sloggett question the ecological relevance of the abundant microsporidia found in the invasive ladybird Harmonia axyridis. We contend that there is abundant evidence that native ladybirds feed on H. axyridis eggs and that interspecific microsporidial transfer is a common phenomenon, supporting the proposed role of these parasites as biological weapons.
W e recently reported that the invasive harlequin ladybird Harmonia axyridis carries microsporidia that do not harm their host but can infect and kill native ladybirds such as Coccinella septempunctata (1) . In their Comments on our article, de Jong et al. (2) , Solter et al. (3) , and Sloggett (4) cast doubt on the relevance of this phenomenon in the field (and thus its potential impact on the ecology of native ladybirds) based on three principal objections: (i) the behavior of native ladybirds suggests that they are unlikely to feed substantially on H. axyridis eggs; (ii) there is insufficient evidence for interspecific microsporidial transfer; and (iii) our injection-based laboratory assays are artificial and cannot predict the outcome of natural interactions between coexisting ladybird species. Solter et al. and Sloggett further suggest that our findings may instead be explained solely by the presence of harmonine in H. axyridis eggs.
Is there enough evidence for intraguild predation on H. axyridis eggs? de Jong et al. and Solter et al. each cite reports that describe intraguild predation upon H. axyridis eggs as a limited phenomenon-e.g., preferentially occurring at the larval stage with H. axyridis in the role of predator and rarely as prey or typically occurring only when preferred prey (aphids and fungi) are not available, thus making the consumption of H. axyridis eggs by adult coccinellid beetles rather uncommon and unlikely to explain the invasive success of the species. We agree that the heterospecific feeding behavior of ladybird larvae is well documented, but there is ample evidence that intraguild pre-dation also includes the widespread consumption of heterospecific eggs by beetles (5) (6) (7) (8) . For example, Gagnon et al. (5) clearly demonstrated high levels of intraguild predation among four ladybird species in the field. They analyzed the alkaloid content of field-collected specimens (including H. axyridis and C. septempunctata) over 2 consecutive years and found that each of the four species fed on the eggs of the other three. Although the intraguild predator/prey relationship varied, both H. axyridis and C. septempunctata were found in both roles. Furthermore, intraguild predation among predaceous ladybird species is not restricted to conditions of limited prey availability (e.g., in autumn when aphid numbers decline) but also occurs when the preferred prey is abundant (6) (7) (8) . de Jong et al. and Sloggett also argue that H. axyridis eggs deter heterospecifics (9), but the cited data show that the deterrence is not absolute, i.e., that coccinellid species prey on H. axyridis eggs, albeit to a lesser extent than the reciprocal process.
Is there enough evidence for interspecific microsporidial transfer? Solter et al. suggest that microsporidial transfer between species cannot explain the invasive success of H. axyridis because there is no evidence for the widespread presence of microsporidia in natural populations and that microsporidia could also be found in native species. This contrasts with our findings that all H. axyridis individuals we have studied, whether reared in the laboratory or sampled from native populations in different parts of the world, contain large numbers of microsporidia, whereas coccinellid individuals from European populations consistently lack microsporidia in their hemolymph. This observation also contradicts the claim by Solter et al. that H. axyridis individuals carrying large numbers of microsporidia may be selectively removed from natural populations due to a decline in fitness. Indeed, we have deliberately sought H. axyridis populations without microsporidia in order to test uninfected individuals exposed to microsporidia for the first time, but we have thus far failed to identify such populations in the field. de Jong et al. note correctly that our Report does not discuss the abundance of microsporidia in H. axyridis eggs (1). However, we have carried out a detailed investigation of microsporidial pathogenesis that confirms the presence of microsporidia at all developmental stages (extracellular spores and a full spectrum of intracellular stages), which indicates their viability and therefore the potential for transmission by intraguild predation.
All three Comments also express doubt that microsporidia, even if prevalent, are capable of being transferred between species in the field. Sloggett compares this situation with the malekilling endosymbiotic bacteria in some ladybird species that are rarely transferred between individuals in the field, even within the same species. However, several previous studies have already shown that horizontal transmission of microsporidia occurs among ladybird species through intraguild predation (10, 11) . Indeed, for this very reason, it is recommended that field-collected ladybirds should be controlled for the presence of microsporidia before being used for mass rearing and release in biological control programs (10) . These data provide adequate evidence for horizontal transmission without considering more unlikely mechanisms such as cohibernation, which we would not advocate as a useful hypothesis for the reasons stated by de Jong et al. Similarly, we see no similarity between the microsporidia we identified and the male-killing bacteria discussed by Sloggett: There is no indication that the microsporidia are endosymbiotic, and they are clearly maintained in an inactive state as spores in the hemolymph.
All three Comments draw attention to the artificial nature of the injection-based assays we carried out and suggest that feeding assays and/or field studies are necessary before conclusions can be drawn. We agree fully that field studies are the only way to confirm the role of microsporidia in the invasive success of H. axyridis, although we note that the injection assays are sufficient to advance a hypothesis and that feeding studies-e.g., using sugar water (as suggested by Solter et al.)would also be artificial in nature.
Both Slogget and Solter et al. claim that our results can be interpreted in terms of chemical defenses provided by the synthesis of harmonine and other alkaloids. We should first point out that we do not dismiss the importance of harmonine, as suggested by Slogget. Indeed, we actually set out initially to test the importance of this compound, which is why we injected it into adult C. septempunctata beetles. We should also state that synthetic harmonine is identical to natural harmonine, in contrast to the claim by Solter et al. We disagree that other untested alkaloids or unknown chemicals are responsible for the effects we observed, because we carried out several controlled experiments to rule out the contribution of impurities in the hemolymph. The hemolymph fractions used in our assays were not lethal unless they contained live microsporidia. Sloggett also claims that chemical defenses such as harmonine would be more beneficial than intraguild predation because the effects would be "near instantaneous," but this author's own published data shows that the toxicity peaks after 3 days, which is similar to the onset of effects caused by microsporidia. Sloggett states that if the decline in native ladybirds has resulted from intraguild predation at all, it is from H. axyridis preying on other ladybirds, not the intraguild predation of H. axyridis eggs, but this reads as an opinion and is not backed up by any supporting data. Finally, Sloggett claims that ladybirds are voracious intraguild predators and possess at least some metabolic resistance to heterospecific defensive alkaloids (12) (13) (14) . However, harmonine is present at a lower concentration in H. axyridis eggs compared with larvae and adults, so the concentrations used in our experiments represent the upper level found during the developmental stages of this species. Furthermore, all ladybird species produce alkaloids, many of which display cell toxicity, so surely all species could evolve metabolic resistance against heterospecific alkaloids, and this would not explain the invasive success of H. axyridis.
de Jong et al. end their Comment stating "at present, there is no proof for the conclusion in Reynolds' accompanying Perspective that 'the almost worldwide invasive triumph of the harlequin ladybird Harmonia axyridis depends on the presence of a coexisting pathogen within the invading insect...'" (2, 15) . Although we feel that our data, combined with the literature cited above, provide enough evidence to support the role of microsporidia in the invasive success of H. axyridis, we should point out that we do not claim to have found proof, only to have developed a hypothesis that needs to be tested in the field. We also note that the microsporidia, should they prove to be used as "biological weapons" in the field, are only one component of the armory of this remarkable species, which also includes chemical defenses based on the production of harmonine (16) and an unusually diverse repertoire of antimicrobial peptides (17) . It is likely that all these capabilities, as well as the behavioral traits mentioned in the Comment by de Jong et al., contribute to the invasive success of H. axyridis.
